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Bombus terrestris can cause pollination disturbance in native plants and compete 
with native bumblebees and other pollinators. The accompanying non-native 
parasites may also threaten native bees. We report new observations of the com- 
mercially used Bombus terrestris (Linnaeus, 1758) using trapping data and spo- 
radic samples identified with a PCR-RFLP-method for degraded DNA. A total 
of 863 individuals (355 queens, 442 workers, 66 drones) of Bombus sensu stricto 
were collected during the years 2008-9, of which, 642 were B. lucorum, ten B. 
cryptarum, four B. terrestris and none were B. magnus. Three trap types were 
compared in two modified transects near areas that use the commercial B. 
terrestris for pollination in Southern Finland: the tree trap that was hung at ap- 
proximately 3 metres height was the most effective. Regular monitoring is impor- 
tant in the risk assessment of B. terrestris, and for correct species identification, 
molecular methods are recommended. 
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1. Introduction 


A non-native bumblebee to Finland, Bombus 
terrestris Linnaeus (Hymenoptera: Apidae), is 
widely used around the world in greenhouses and 
in outdoor gardens to pollinate for example, to- 
matoes and apples. In Finland, this bumblebee 
was introduced in the late 1980’s in greenhouses 


and since mid 1990’s in orchards. In the Southern 
hemisphere (New Zealand, Australia, the island 
of Tasmania), where there were originally no 
bumblebees at all, the introduced B. terrestris has 
succeeded to establish colonies and to reproduce, 
and has become naturalized in the wild 
(Semmens ef al. 1993, Hingston & McQuillan 
1998, 1999, Hergstrom et al. 2002, Hingston et 
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al. 2002, Goulson & Hanley 2004). In countries 
such as Japan and Chile, which have their own 
unique native bumblebee fauna, B. terrestris has 
become the dominant bumblebee species in some 
areas after its introduction (Matsumura ef al. 
2004). 

In greenhouse experiments, the presence of B. 
terrestris causes pollination disturbance in native 
plants (Kenta et al. 2007). Strong indications of 
competition between the invasive and native 
bumblebee species, and also between other polli- 
nators such as solitary bees, have been reported 
(Hingston & McQuillan 1999, Inoue & Yoko- 
yama 2006). Commercial populations of B. ter- 
restris can be highly competitive foragers in areas 
with native B. terrestris populations, and this 
could even lead to the displacement of the local 
native bees (Ings et al. 2005). Native bumblebees 
can also be threatened by non-native parasites 
that the imported bumblebees carry, regardless of 
the bumblebee species in question (Goka et al. 
2001). 

The survival of new queens residing in com- 
mercial colonies and their hibernation outside 
their range in the wild remains uncertain. Agri- 
cultural producers and governmental authorities 
claim that the colonies, which develop outside 
their native bumblebee season, would suffer from 
adverse climatic and foraging conditions (Velt- 
huis & van Doorn 2006) but this issue demands 
more investigation. Bombus terrestris seems to 
be quite flexible in terms of weather and the time 
of year: in urban Britain, both queens and work- 
ers are active throughout the winter, which sug- 
gests a second generation during the winter 
months (Stelzer et al. 2010). The earlier assump- 
tion led to the free import of non-native bumble- 
bee species in most European countries. Contrary 
to this policy, Norway has continued the ban of 
B. terrestris import and use based on a recent risk 
assessment report (Gjershaug & Odegaard 2012). 
Since 2013 in Finland, the control of bumblebee 
import has been assigned to Finnish Food Safety 
Authority, Evira, but the ecological impacts or the 
occurrence of this highly invasive species remain 
unknown. 

According to various climate models the 
Earth’s mean surface temperature will increase 
by 2.4-5.4 °C between the years 2000 and 2100 
(Miller 2007). The latest IPCC report predicts 
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that the mean global temperature may rise as 
much as 4.8 °C during the next 100 years (IPCC 
2013). Climate change has already caused nega- 
tive impacts on ecosystems in Europe, and a great 
majority of species will have difficulty adapting 
to global warming and its consequences (IPCC 
2013). Furthermore, some mountainous areas in 
Europe are in danger of losing up to 60 percent of 
their natural species by 2080 if the emissions of 
greenhouse gases remain high (Miller 2007). Cli- 
mate scenarios suggest that the increase in Fin- 
land will be approximately 3 to 7 °C and that es- 
pecially winter temperatures will increase the 
most, typically 5 to 7 °C (Karttunen et al. 2008). 

The first B. terrestris was found in year 1993 
from Southern Finland (Pekkarinen & Kaarnama 
1994). This study reports new observations using 
transect line trapping data and some sporadic 
samples that were identified using a modified 
polymerase chain reaction — restriction fragment 
length polymorphism (PCR—RFLP)-method for 
degraded DNA (Vesterlund et al. 2014). Appro- 
priate trapping methods for monitoring B. ter- 
restris are also discussed. 


2. Materials and methods 
2.1. Study area 


To study the status of B. terrestris in Southern 
Finland, bumblebees were collected during two 
consecutive summers (2008 and 2009) on the is- 
land of Kemiö, the largest marine island in Fin- 
land, excluding Åland. This area was chosen be- 
cause its latitudinal location corresponds with the 
Swedish distribution of B. terrestris and also be- 
cause this species is used both in greenhouses for 
the pollination of tomatoes and in apple orchards 
located at different parts of the island. The im- 
ported bumblebees are held outside in the apple 
orchards, with no control for their dispersal, from 
the early spring until the nests become deserted in 
the fall. Furthermore, the tomato greenhouses in 
the area are open systems, functioning to allow 
regular visits to neighbouring flower fields and 
enable the escape of both males and new queens. 
Because new colonies are continuously brought 
in from early February to late November and old 
ones are removed outside from the greenhouses 
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Fig. 1. Bumblebee trapping areas and transect lines in Kemiönsaari. — a. Location of the study areas in Finland. 
— b. Location of Kemiö island in South-Western Finland. — c. Transect line in Tölvsnäs. — d. Transect line 
in Söderlångvik. 


when they become less active, it is possible that 
new queens are produced and they are able to flee 
and find mates. If warmer winters make also the 
hibernation of queens more probable, natural col- 
onies of B. terrestris may be established in this 
area. 


2.2. Transect line trapping 


Two transect lines were established in Kemiö 
around locations where commercial bumblebees 
were used (Fig. 1). At the time of the trapping, 
Biobest (Belgium) commercial nests were used in 
the largest greenhouses of the study area. In some 
of the smaller greenhouses nearby, also Beeline 


nests (Syngenta Bioline Ltd., Holland) were 
used. 

The first 16 traps were located around a 12 ha 
apple orchard with 7,700 trees in Tolvsnäs 
(ETRS89: 60°10.21°N, 22°27.835’E) situated at 
a 1 to 6 km distance from the centre of the or- 
chard, where the imported bumblebee nests were 
held (Fig. 1c). The second trapping area with 16 
traps was approximately 15 km south from the 
first one, around an 11 ha apple orchard with 
5,500 trees and a large tomato greenhouse of 
Séderlangvik manor (60°2.077’°N, 22°25.734’E). 
Along this transect line, the traps were situated at 
a 1 to 6 km distance from the greenhouse (Fig. 
1d). The transect lines were modified to follow 
assumed main flight routes of bumblebees in 





those specific terrains. The main direction of dis- 
persal was expected to be to the north or north— 
east in both places due to the presence of the sea in 
the east and south of these areas (Fig. 1). 

Along both transects, 8 luring window traps 
were placed on the ground and 8 were hung in 
trees in July 2008. The ground traps were yellow 
plastic oblong flower planters filled with 3 litres 
of water, salt and detergent mixture, over which a 
transparent plexi glass with an area of 40 cm x 40 
cm (trapping surface area 0.32 m^) was sus- 
pended using wooden poles. This trap type was 
otherwise similar to the commonly used window 
traps but the flower planter was painted yellow to 
lure bumblebees. The tree traps had two plexi 
glasses of size 22 cm x 29 cm arranged as a cross 
such that insects flying toward the trap from all 
points of the compass would be trapped (trapping 
surface area 0.26 nv; Fig. 2a). The cross window 
was situated in a yellow round planter filled with 
2 litres of the trapping liquid. The bumblebees 
were collected from the traps at 7 to14 day inter- 
vals between July and August 2008. 

In the spring of 2009, a third trap was hung 
higher in the treetops and bumblebees were col- 


Vesterlund et al. + ENTOMOL. FENNICA Vol. 25 


Fig. 2. Luring yellow 
traps. — a. Tree trap. 
— b. Crown trap. 


lected between June and August. The third trap 
type was called the crown trap, and it was other- 
wise similar to the tree trap but smaller (1 litre 
trapping liquid, two plexi glasses of size 13 cm x 
24 cm arranged as a cross, trapping surface area: 
0.1248 m’; Fig. 2b) and hung at 5 metres height in 
the same tree. In 2009, the trapping was started 
earlier in all 16 sites, before the hibernated queens 
started to fly and seek nest sites, as we wanted to 
assess the possibility of successful B. terrestris 
hibernation in nature. 


2.3. Species identification 


The bumblebees caught in the traps were first 
identified using morphological characters. The 
individuals belonging to the cryptic subgenus 
Bombus sensu stricto (B. terrestris, B. lucorum, 
B. cryptarum, and B. magnus) were later identi- 
fied to species using a modified PCR-RFLP- me- 
thod for degraded DNA (Vesterlund et al. 2014). 


2.4. Statistical methods 


Differences in trapping efficiency between the 
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of each type. There is a significant 
difference among trap types with dif- 
ferent letters above the CL bars 
(Tukey's test). 


yellow traps at different heights (ground, tree and 
crown) were analysed using the statistical soft- 
ware SAS, version 9.2 (SAS Institute, Cary, NC, 
USA). A generalised linear model (GLIMMIX 
procedure) was used with negative binomial 
distribution and log link function. Because three 
different types of traps were set in the same loca- 
tion, the location was used as a random factor 
with a Kenward-Roger approximation method 
for the degrees of freedom. Multiple comparisons 
were done using Tukey’s test. 


3. Results 


There was a significant difference in Bombus s. 
str. trapping efficiency among the three trap types 
(F, 2359 = 12.28, p < 0.0001). The most efficient 
trap was the tree trap, whereas the ground and 
crown traps were not statistically different in trap- 
ping efficiency (Tukey’s test: Tree vs. Ground: p 
= 0.0007; Tree vs. Crown: p = 0.0007; Crown vs. 
Ground: p = 0.99; Fig. 3). The trapping surface 
area of the trap types did not affect the differences 
in trapping efficiency (F, ,, ,. = 1.45, p = 0.24). 
Since the trapping surface area was different 


Ground 








Tree Crown 


Trap type 


between the trap heights but constant within each 
height, the trapping surface could not be used as a 
covariate in the same model as trapping height. 
Therefore, they were used in separate maximum 
likelihood based models and the models were 
compared using Akaike’s Information Criteria 
(AIC) values of the models (Akaike 1974). The 
trapping height model explained more of the vari- 
ation between the traps than trapping surface 
model (smaller AIC value indicates a stronger 
model, trap height model: AIC = 301.31; trapping 
surface area model: AIC = 316.75). 

A total of 863 individuals of different castes 
(355 queens, 442 workers, 66 drones) of Bombus 
s. str. bumblebees were collected with the yellow 
window traps during 2008 and 2009. Out of 
these, the molecular identification process was 
successful for 646 individuals. Only four B. 
terrestris individuals were found: in the summer 
of 2008, one worker was caught at the Tolvsnas 
transect line (5.4 km from the orchard); in the 
spring 2009, one queen was caught in a trap five 
kilometres from the orchard at the same transect 
line, and two queens were caught at Sdderlangvik 
transect line 6.1 km from the orchard. Because 
there were only four events (B. terrestris individ- 
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uals) out of 646 trials (all Bombus s. str. bumble- 
bee individuals), a statistical analysis was not 
conducted for the effect of distance to orchards on 
the number of B. terrestris individuals. 

According to the initial morphological identi- 
fication, we identified 60 individuals as B. 
terrestris but the verification using the modified 
PCR-RFLP-method for degraded DNA (Vester- 
lund et al. 2014) revealed that 56 of these individ- 
uals actually belonged to the B. lucorum complex 
(i.e., B. lucorum, B. cryptarum, B. magnus). Two 
verified B. terrestris individuals were initially 
correctly identified using morphological charac- 
ters; the other two were identified first as mem- 
bers of the B. lucorum complex. Of the 646 indi- 
viduals belonging to the B. lucorum complex 
identified based on the PCR-RFLP-approach, 
only 586 were correctly identified (to the com- 
plex level) using their morphological characters. 
The difference between the morphological and 
genetic identification was significant (y?-test: %? 
= 51.55, p< 0.0001). This showed that the analy- 
sis of morphological characters did not result in a 
satisfactory identification of species within 
Bombus s. str. Among the collected and geneti- 
cally verified samples of the B. lucorum complex, 
ten B. cryptarum individuals were identified 
while no B. magnus were found. 

Additional B. terrestris samples collected by 
hand or as side catches during insect trapping 
from various locations in Southern Finland were 
provided by a local bumblebee breeder, Erkki 
Kaarnama (Forestum Oy) and Anssi Teräs (Abo 
Akademi University, Turku, Finland). These 
samples consisted of 23 individuals (10 workers, 
2 drones and 11 queens; Table 1). The PCR- 
RFLP-method confirmed B. terrestris species 
identification for all 23 samples; 21 were addi- 
tionally verified by sequencing a 446 bp fragment 
(Sanger sequencing, Macrogen Inc., Republic of 
Korea). 


4. Discussion 


Our study identified a very low number of B. 
terrestris in the vicinity of the commercial or- 
chards and greenhouses in Kemiönsaari. Only 
four B. terrestris individuals were found during 
the years 2008 and 2009. Based on these observa- 
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Table 1. Locations, numbers of individuals and collec- 
tion dates of Bombus terrestris samples collected by 
hand or as side catches during insect trapping in 
Southern Finland. 21 individuals were verified by se- 
quencing and 2 by the PCR-RFLP-approach. 





Drones 

Haaga, Helsinki 1 9.1X.2009 
Töölö, Helsinki 1 2.1X.2009 
Queens 

Muurala, Espoo 1 5.1X.2009 
Kauklahti, Espoo 2 28.1V.2009 
Töölö, Helsinki 2 2.1X.2009 
Tattariharju, Helsinki 1 19.V.2009 
Eestinmaki, Porvoo 1 12.V.2009 
Houtskär, Finland 1 2010 
Parainen, Finland 1 2010 
Yliopistonmaki, Turku 1 27 VIII.2011 
Yliopistonmaki, Turku 1 19.VIII.2011 
Workers 

Haaga, Helsinki 1 9.1X.2009 
Eestinmaki, Porvoo 1 12.V.2009 
Muurala, Espoo 1 5.1X.2009 
Kauklahti, Espoo 3 2009 
Töölö, Helsinki 2 2.1X.2009 
Tattariharju, Helsinki 1 19.V.2009 
Parainen, Finland 1 2010 





tions, we can conclude that the small-scale com- 
mercial bumblebee pollination in Kemiönsaari 
has not increased the number of B. terrestris con- 
siderably. 

Novel parasites and pathogens such as Crithi- 
dia bombi Lipa and Triggiani (Kinetoplastea: 
Trypanosomatidae) are dispersed through the 
commercial B. terrestris (Otterstatter & Thomson 
2008). Even a low number of individuals can 
have an effect on local bumblebee populations: 
after an initial C. bombi spillover infecting ap- 
proximately 20 percent of bumblebees at a two 
kilometres radius from the source within the first 
three months, the disease can form very suddenly 
and infect up to 35 to 100 percent of the wild 
Bombus, travelling forward at a rate of two kilo- 
metres per week (Otterstatter & Thomson 2008). 
The outbreak of an effective pathogen from a 
commercial colony could have serious conse- 
quences in the Finnish native bee fauna. 

In Finland, increases in winter temperatures 
and a prolonged growing season will benefit the 
imported B. terrestris and enhance its possibili- 
ties to spread into the wild because it is a species 
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of a southern origin and is adapted to a warmer 
climate than most Finnish native bumblebees. On 
the contrary, many bumblebee species that natu- 
rally occur in Finland are cold-adapted and would 
most likely suffer from warmer winters and re- 
treat north and to higher altitudes. It is therefore 
likely that given enough time, B. terrestris will 
become established in the southern parts of Fin- 
land, but it remains to be seen if the dispersal will 
be due to natural or anthropogenic routes, or both. 

The number of randomly caught individuals 
from other parts of Southern Finland may indi- 
cate that there is more commercial pollination in 
these areas or that B. terrestris has become more 
common since 1994 (Pekkarinen & Kaarnama 
1994). The four B. terrestris queens (2 from Tur- 
ku, 1 from Espoo, | from Helsinki) captured late 
in the summer must have either originated from 
natural nests or of commercial colonies. If the 
queens originate from commercial strains, it 
means that sexuals, which have dispersed from 
imported colonies, have been produced. Bumble- 
bee queens from various species are able to dis- 
perse long distances after their emergence from 
hibernation and this migration occurs in Finland 
in May and June every year (Mikkola 1978, 1984, 
Vepsäläinen & Savolainen 2000, Lepais et al. 
2010). Thus, without a thorough DNA-based po- 
pulation level analysis, it is impossible to tell 
where the queens originate from. Bombus pascu- 
orum queens are able to disperse at least three 
kilometres and B. lapidarius over five kilometres 
from their natal nest (Lepais et al. 2010). The dis- 
persal of B. terrestris queens has not been well 
studied yet, but the drones of B. terrestris have 
been found from 2.6 to 9.9 kilometres from their 
birth place (Kraus et al. 2009). Thus, B. terrestris 
individuals caught in Kemiönsaari may have 
come from commercial colonies at both loca- 
tions, but they might as well have been dispersed 
from other colonies, commercial or natural. 

In Finland’s National Strategy on Invasive 
Alien Species (2012), B. terrestris is placed in the 
category: “to be monitored or locally harmful.” 
However, the distribution of B. terrestris is 
mostly unknown in Finland, but it is used as an 
imported pollinator in most of the tomato green- 
houses, at fruit orchards, and to increase blue- 
berry pollination. The monitoring of this species 
would thus be highly important for risk assess- 


ment. We used three different trap types, and the 
tree trap hung at approximately three metres 
height was the most effective in capturing 
Bombus s. str. bumblebees. The traps should not 
be used for regular monitoring during the spring 
migration and nest seeking period of queens in 
May and June, but the most effective time for 
catching workers would be late June and early 
August. The traps should be emptied every week 
if high quality DNA samples are to be acquired. 
The identification using morphological charac- 
ters can be challenging because the colour char- 
acteristics are often blurred due to the trapping 
liquid and rather the highly variable genital char- 
acteristics have often to be used (Pekkarinen & 
Kaarnama 1994). The identification of workers 
should be done using either sequencing or the 
PCR-RFLP-techniques developed for Bombus s. 
str. bumblebees (Murray et al. 2008, Vesterlund 
et al. 2014). As long as no data on the natural oc- 
currence and nesting of B. terrestris in Finland 
exists, the precautionary principle in the interna- 
tional environmental law of the European Union 
should be used and all found individuals assumed 
being of commercial origin until otherwise 
proven. 
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